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 The purpose of this study was to compare tongue pressure measurements recorded by an 
established device, the Iowa Oral Performance Instrument (IOPI) and a new device, the 
TongueometerTM. 
 Eight healthy adults ages 18 to 59 were participants.  Independent variables included 
device type (IOPI & TongueometerTM) and bulb placement in oral cavity (anterior & posterior).  
The dependent variable was tongue pressure in kPa.  Each participant attempted three trials of 
maximum tongue pressure at both the anterior and posterior bulb placement location for both 
devices.  The order of device and bulb placement position was counterbalanced to reduce 
potential carryover effects.  Participants were assessed at a single evaluation point.   
 There was a strong correlation in pressure measurements between the devices (r = .91).  
Paired t-tests revealed significant mean differences, with the TongueometerTM consistently 
measuring 3-4 kPa lower than the IOPI.  This study indicates that the TongueometerTM provides 
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The tongue has shown to have decreased strength and endurance in aging healthy adults 
(Namasivayam, Steele, & Keller, 2016), individuals with neurodegenerative disease (Mendes, 
Nascimento, Mansur, Callegaro, & Jacob Filho, 2015), stroke patients (Lee et al., 2016), and 
head and neck cancer patients (Lazarus, 2006).  Reduced tongue strength may have a negative 
impact on nutrition, hydration, respiration (Namasivayam et al., 2016), and quality of life 
(McHorney et al., 2002).   
Research has reported that increased lingual strength/endurance training reduces 
symptoms associated with dysphagia, including increased swallowing pressures (Oh, 2015; 
Namiki et al., 2019), decreased oral-transit times (Kim et al., 2017; Namiki et al., 2019), 
decreased oral and oral-pharyngeal residue (Kim et al., 2017; Robbins et al., 2007), increased 
pharyngeal response duration (Namiki et al., 2019), reduced diet modifications (Robbins et 
al.,2007), and decreased penetration and aspiration (Robbins et al., 2007; Namiki et al., 2019).  
Along with an overall reduction of dysphagia symptoms, evidence indicates that lingual strength 
training significantly impacts other musculature involved with efficient and effective deglutition.  
Using electromyography, Palmer et al. (2008) observed increased muscle activity in floor-of-
mouth muscles, suprahyoid muscles, and jaw muscles during tongue-to-palate pressure tasks.  
More recently, Namiki et al. (2019) reported that “tongue pressure resistance training improved 





LINGUAL RESISTANCE TRAINING  
Resistance training is defined as any movement which involves a muscle to move against 
a load (Saladin, 2014).  Isometric resistance training occurs when the muscle being contracted is 
not lengthened (Saladin, 2014).  This type of training relies on the tension created by the muscle 
contraction against the load.  One method for isometric lingual strengthening takes place when 
the tongue is elevated and pressed up against the hard palate (typically at the alveolar ridge) for a 
specified number of repetitions and sets over a duration of time.  Figure 1 illustrates tongue 
position at rest and during tongue pressure resistance training.  
With lingual strengthening gaining traction in the world of deglutition and dysphagia, 
investigators continually propose new and innovative ideas to target these muscles with the 
consumer in mind.  Clinicians also need to objectively measure lingual pressures to effectively 
and efficiently plan and modify interventions and track patient progress. 
Currently, the Iowa Oral Performance Instrument (IOPI; Figure 2) is the standard for 
tongue pressure measurements and lingual strengthening interventions.  While the IOPI is the 
industry leader, its $1000-$2000 (dependent on model, software, and accessories included) price 
Figure 1 Tongue pressure resistance training (from Namiki et al., (2019).   
Dotted line indicates tongue position and solid line indicates hard pallate.  Left image shows the tongue 
at rest and the right image shows the tongue elevated against the hard pallate.   
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tag is prohibitive for many patients to use as part of a home program.  In May 2019, E2 
Scientific introduced the TongueometerTM lingual strengthening device, developed with 
affordability in mind at a retail price of $149.  The objective of this study was to evaluate E2 
Scientific’s lingual strength trainer’s ability to provide objective and reliable lingual pressure 
measurements in clinical and home settings for the duration of a lingual strength training 
regimen using healthy adults in comparison to the IOPI over the course of an 8-week isometric 
lingual strengthening program.  
RESEARCH QUESTIONS 
 
The original intent of this study was to answer the following research questions:  
(1) Is there a significant difference in measured tongue pressures (PMax) in kPa between 
the IOPI and the TongueometerTM at the same point in time? 
(2)  Is there a significant difference in PMax measurements between devices over an 8-
week lingual strengthening regimen? 
(3) Does bulb placement (anterior & posterior) show a significant difference in PMax 
measurements between the devices?   
Because of the events surrounding the 2020 global pandemic and the suspension of in-person 
human participants research by the University of Wisconsin-Milwaukee, Research Question 2 
could not be investigated.  Therefore, the final research questions for this study were: 
(1) Is there a significant difference in measured tongue pressures (PMax) in kPa between 
the IOPI and the TongueometerTM at the same point in time? 
(2) Does bulb placement (anterior & posterior) show a significant difference in PMax 







RESEARCH STRATEGY AND DESIGN 
 
This study was approved by the University of Wisconsin-Milwaukee Institutional Review 
Board.  Appendix I includes recruitment materials and data collection instruments used for the 
study.  The current study utilized quantitative data to describe the comparison of measurements 
obtained from two different lingual strengthening devices, IOPI & TongueometerTM.  A group 
within-subjects design was used to analyze the effect of two independent variables (device type 
and bulb placement on the dependent variable of tongue strength in kPa (or PMax).  The levels of 
the independent variables were:  
(1) device used (two levels: IOPI and TongueometerTM) and  
(2) bulb placement (two levels: anterior and posterior). 
DEVICES  
 
The devices used in this study were the Iowa Oral Performance Instrument and the 
TongueometerTM.  The Iowa Oral Performance Instrument by IOPI Medical LLC (Figure 2) is a 
standalone device used to measure maximum pressure exerted on an air-filled bulb.  According 
to IOPI Medical LLC (2013), the IOPI can be used to accurately measure lingual strength to aid 
in the identification of lingual weakness and/or impairments.  It may also be used as a therapy 
tool to increase lingual strength and endurance.  The IOPI measures the pressures exerted in 
kilopascals (kPa) at a range of 0-100 kPa with a reported ±2 kPa.  It can be used to obtain lingual 
peak strength measurements, measure lingual endurance, and measure lip strength (IOPI Medical 
LLC, 2013).  The measurements obtained using the IOPI are then translated by a Speech 
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Language Pathologist (or similar medical professional) and 
used to set therapy targets (Figure 3).  The IOPI is powered 
by a standard 9-volt alkaline battery and features visual 
biofeedback via multicolored light emitting diodes which 
allow the user to remain within the therapy target area.  The 
IOPI uses multiuse-replaceable bulbs which allow the same 
device to be used across multiple users.  Current listing 
prices for the IOPI are $1,235-$2,140 depending on IOPI 
model, accessories, and software, and 2-year standard 
warranty (refer to IOPI Medical LLC for most current 
pricing and information).  The IOPI used for this study was 
supplied by the University of Wisconsin-Milwaukee Swallow Physiology Laboratory and was an 
IOPI Model 2.0.  The manual for the IOPI is included in Appendix II.  
The TongueometerTM by E2 Scientific Corporation (Figure 4) is marketed as “an 
affordable, at-home device designed to measure and increase tongue strength and endurance” 
(https://e2scientific.com/ ) that can be used as a multi-user device (TongueometerTM User 
Manual, 2019; Appendix II).   Current list price for the TongueometerTM is $149 and can be 
purchased by anyone online, but per the TongueometerTM User Manual (2019), “Setup of the 
TongueometerTM should be completed under the guidance of a Speech-Language Pathologist or 
similar medical professional.”  
Unlike the IOPI, the 
TongueometerTM is not a standalone device and requires the user to link the device, via cable, to 
a smart device (smartphone or tablet) equipped with the free TongueometerTM 
Figure 2 IOPI Model 2.0 
Figure 2. IOPI Model 2.0 
Figure 3 Target value formula IOPI User Manual (2013) 
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software/application (Figure 5).  At the time of this study, the TongueometerTM was compatible 
with only the Android operating system; however, E2 Scientific has since released Bluetooth 
compatibility allowing its use with both iOS and Android devices.  The TongueometerTM 
application (Figure 5) allows the user to objectively measure tongue strength, complete strength 
and endurance exercises, identify therapy targets, track patient improvement, and evaluate 
therapy effectiveness.  The application also allows the user to share data in the form of an excel 
spreadsheet with their medical professional (Figure 6).  Like the IOPI, the TongueometerTM 
utilizes an air-filled bulb to measure lingual pressure (strength) in kPa and is reported to 
accurately measure pressures between the range of 0-100 kPa (TongueometerTM User Manual, 
2019; Appendix II).  
 
 
Figure 5 TongueometerTM application E2 Scientific Corp.  







All individuals admitted into the study were considered healthy with no history of 
medical conditions that may have affected nerve function and/or musculature of the head and 
neck.  Exclusionary factors were that no individual should have or have had tongue piercings 
(Lazarus, Logemann, Huang, & Rademaker, 2003) and no individual with a history of playing 
brass instruments, woodwind instruments, oration training, and/or dictation training within five 
years of the study initiation (Solomon & Munson, 2004) was admitted.  According to Solomon 
and Munson (2004) individuals who play brass/woodwind instruments and/or have training in 
oration/dictation present with supranormal tongue endurance which may also have an impact on 
PMax measurements. 
Participants received an oral-motor examination to identify structural and/or functional 
deviations.  The Harding University Speech Clinic Oral-facial Examination Form (Harding 
University Speech Clinic, 2016; Appendix I) was used to identify oral-facial differences that 
might have impacted study results.  This examination form was chosen due to ease of access and 
familiarity of use within the study location, the University of Wisconsin-Milwaukee (UWM) 
Department of Communication Sciences and Disorders. 
 Figure 6 TongueometerTM application therapy report example 
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The recruitment goal for the study was two groups of 10 (n=20) to represent two age 
groups: young (18-29 years) and middle (30-59 years).  The IOPI User Manual reports similar 
age groups in the Tongue Strength Normal Values section with a reported mean of 63 kPa for 
both young and middle age groups (IOPI Medical LLC, 2003, p.57, Appendix II).  Although this 
study did not intend to examine the effect of age, the study replicated age groups specified in 
previous literature.  Age was not used as an independent variable in this study a) because it is not 
the main objective of the study and b) according to studies published by Youmans, Youmans, & 
Stierwalt (2009) and Clark (2012), there is not a significant difference in PMax scores between 
young and middle age groups. 
A specific gender distribution was not targeted for this study because there is no gender 
category offered within the IOPI User Manual Tongue Strength Normal Values (IOPI Medical 
LLC, 2013).  Instead, it is stated in the Tongue Strength Normal Values section of the IOPI User 
Manual that, “In some studies, males were somewhat stronger than females, by about 5-10 kPa, 
but only for young subjects” (IOPI Medical LLC, 2013, 
p.57, Appendix II).  According to studies published by 
Clark & Solomon (2012) and Youmans, Youmans, & 
Stierwalt (2009), measurements obtained using the IOPI 
indicate that there is not a significant difference between 
men and women when measuring anterior tongue 
pressures.  The current study therefore replicated only the 
young and middle age parameters reported by Clark & 
Solomon (2012).  
 
Figure 7 Participant materials. 
Android tablet was available to participants 







Each participant received one TongueometerTM, one TongueometerTM bulb, one 
TongueometerTM User Manual, and one on-the-go cable.  Participants who did not have an 
Android device received an Android device to be used for the duration of the study.  Each 
Android device was equipped with the corresponding TongueometerTM application (Figure 7).  
Each participant also had a designated IOPI bulb that was used to measure lingual strength for 
the duration of the study (Figure 8).  The IOPI bulbs were stored in the Swallow Physiology 
Laboratory between assessments.  
Participants were trained by the student principal investigator (PI) on proper use and 
maintenance of the TongueometerTM device and associated software (Appendix II).  Device 
setup was completed by the PI with the participant including preparation of the TongueometerTM 
bulb, downloading the TongueometerTM application from Google Play Store, and registration of 
the TongueometerTM device. 
MEASUREMENTS 
 
Outcome measurements were taken by one of two qualified Communication Sciences and 
Disorders graduate clinicians (GC) who were trained in the use and function of both test devices 
and data collection protocol by the PI.  Graduate clinicians demonstrated proficiency with the 
devices on two practice participants prior to collecting data from any research participant.  
Graduate clinicians were blinded to the study objectives.   
Outcome measurements were completed using both the IOPI and TongueometerTM.  The 
order of device measurement (IOPI vs. TongueometerTM) and placement (anterior vs. posterior) 
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was counterbalanced to reduce any potential 
carryover effects or potential biases from muscle 
fatigue across the testing conditions.  Each 
participant was fitted with an IOPI bulb and 
TongueometerTM bulb.  Fitting took place during 
initial training and was conducted by the PI.  Each 
bulb was marked with black and red permanent 
marker to reflect two bulb positions: anterior (black) 
and posterior (red) (Figure 9).   
BULB POSITION 
 
Bulb positions will follow the guidelines published by Clark and Solomon (2012) (Figure 
10).  For anterior placement, the bulb was “positioned longitudinally along the hard palate just 
posterior to the to the alveolar ridge” (Clark and Solomon, 2012).  For posterior placement, the 
bulb was “positioned longitudinally along the hard palate, with the distal end of the bulb at the 
posterior border of the hard palate” (Clark and Solomon, 2012).  During initial fitment, the PI 
ensured proper placement of the bulb within the participant’s oral cavity and marked the tubing, 
with corresponding placement color, where the participant’s lips contact the tubing.  After 
fitment, each bulb tubing had two markings: red posterior marking and a more distal black 
anterior marking (Figure 9).  Graduate clinicians 
checked to ensure markings were visible at each 
evaluation point and remark tubing if necessary.  
If the mark was completely removed, the PI was 
responsible for refitment and marking. 
Figure 8 Pressure bulbs. 
Although both bulbs are relatively similar in size, 
the TongueometerTM (top) bulb has a textured 
exterior whereas the IOPI (bottom) bulb has a 
smooth exterior.   
 
Figure 3. Anterior/posterior bulb indicator markings 
 
Note. Black line indicates anterior bulb position and red line 
indicates posterior bulb position.  Each line should be placed 
where the subject’s lips meet the bulb tubing.   
Figure 9 Bulb placement indication markers. 
Black indicator mark corresponds with anterior 
placement and red indicator mark corresponds with 
posterior placement.  Figure adapted from IOPI 





According to the IOPI User Manual (IOPI Medical LLC, 2013, Appendix II), an accuracy 
check should be conducted monthly.  The PI taught the GCs how to conduct accuracy checks.  
The GCs demonstrated proficiency of accuracy checks by completing the procedure side-by-side 
with the PI until accuracy checks completed by both were within ±2 kPa.  The GCs were 
responsible for carrying out the monthly accuracy check (instructions included in the IOPI 
manual, Appendix II).  This procedure was not conducted with the TongueometerTM due to lack 
of calibration guidelines provided by the manufacturer.  
Outcome measurements were recorded as maximum tongue strength measurements 
(PMax) and taken following the guidelines published by Lazarus et. al., (2003).  Participants were 
instructed to sit upright while measurements were being taken and were told to “Press up on the 
bulb with your tongue and squeeze the bulb against the roof of your mouth as hard as you can for 
2-3 seconds.”  The GCs provided motivation in the form of “push, push, push!” or “squeeze, 
squeeze, squeeze!” during each trial.  Participants performed four sets with each set containing 
three trials.  During the set, the GCs timed a 30 second break between trials to allow for 
participant cooldown and documentation of each measurement on a data collection form.  After 
each set that was completed, the participant rested 
for two minutes before beginning the next set.  
The highest PMax value from each set was used as 
the participant’s PMax value.  This value was used 
by the PI to set therapy goals.  Figure 3 includes 
the formula for calculating target values. 
  
 
Figure 2. Bulb position  
 
(Robbins et al., 2007) 
 Device  
Figure 10 Bulb placement within oral cavity adapted 





The original study design included a longitudinal 
exercise component.  The exercise regimen followed a 
combination of the protocols outlined by Clark (2012), 
Lazarus et al. (2014), Oh (2015), and Robbins et al. 
(2007).  Participant’s completed three sets per day three 
times a week for an 8-week duration at home using the 
TongueometerTM (Table 1).  Each set consisted of 30 
repetitions requiring the participant to create pressure on 
the bulb for 2-3 seconds at the target pressure.  Targets 
were 60% PMax the first week and 80% PMax for the 
remainder of the regimen (Table 1).  Targets were set using anterior PMax measurements taken by 
the TongueometerTM during the evaluation points.  Therefore, PMax values were to be used for 
two-week durations.  Since participants were not seen by the PI at the beginning of the second 
week, the PI emailed each participant a reminder to increase targets from 60% PMax to 80% PMax.  
As part of the initial training with the PI, each participant learned how to adjust the target within 
the TongueometerTM application.  
Therapy adherence was to be monitored by the PI during the exercise program.  As part 
of the initial training with the PI, each participant was taught how to forward therapy reports via 
email to the PI.  Therapy reports (Figure 6) were sent directly to the UWM Swallow Physiology 
Laboratory’s email address to be uploaded onto a data encrypted computer in the Swallow 
Physiology Laboratory by the PI.  Only the PI received and documented TongueometerTM 
therapy reports to ensure that the GCs remained blinded for the duration of the study.  Therapy 
Figure 11 TongueometerTM use with lip 
guard. 
Bulb tubing passes through lip guard and is 
held firmly in place 
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reports were generated and sent by participants after each completed week.  If therapy adherence 
was not being met, the PI contacted the participant directly to investigate the reason for lack of 
adherence.  




Descriptive statistics included mean and standard deviation of tongue pressure 
measurements in kPa for each of the four testing conditions (IOPI at anterior and posterior bulb 
positions; and TongueometerTM at anterior and posterior bulb positions).  Inferential statistics 
included the Pearson correlation coefficient to determine the strength and direction of the 
relationship between IOPI and TongueometerTM measurements at each bulb position and paired 
t-test to determine whether there was a significant difference between the devices at the anterior 
bulb placement and the posterior bulb placements.  SPSS v. 22 was used for statistical analyses.  
Cohen’s d, defined as the difference in means divided by the standard deviation, was used to 
estimate the magnitude of standardized mean effect.  According to Schiavetti, Orlikoff & Metz, 
(2015), an effect size of 0.2 is considered small, 0.5 is considered medium, and 0.8 is considered 
large. 
  
Exercise target value calculation schedule  
Time point Exercise target value 
Beginning of week 1 60% of baseline max 
Beginning of week 2 80% of baseline max 
End of week 2 Recalculate max: 80% of new max 
End of week 4 Recalculate max: 80% of new max 
End of week 6 Recalculate max: 80% of new max 









 The original objective of this study was to evaluate E2 Scientific’s lingual strength 
trainer’s ability to provide objective and reliable lingual pressure measurements in clinical and 
home settings for the duration of a lingual strength training regimen using healthy adults in 
comparison to the IOPI over the course of an 8-week isometric lingual strengthening program.  
The following research questions were proposed to meet this objective:  
(1) Is there a significant difference in measured tongue pressures (PMax) in kPa between 
the IOPI and the TongueometerTM at the same point in time? 
(2)  Is there a significant difference in PMax measurements between devices over an 8-
week lingual strengthening regimen? 
(3) Does bulb placement (anterior & posterior) show a significant difference in PMax 
measurements between the devices?   
However, because of the events surrounding the 2020 global pandemic and the 
suspension of in-person human-subjects research by the University of Wisconsin-Milwaukee in 
March 2020, Research Question 2 could not be investigated.  Therefore, the final research 
questions had to be modified to reflect the temporary suspension of human-subjects research.  
The modified research questions for this study were: 
(1) Is there a significant difference in measured tongue pressures (PMax) in kPa between 
the IOPI and the TongueometerTM at the same point in time? 
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(2) Does bulb placement (anterior & posterior) show a significant difference in PMax 
measurements between the devices?   
PARTICIPANTS 
 Three participants were admitted into the study prior to the UW-Milwaukee research 
laboratory shutdown that went into effect March 25th, 2020.  Each participant was able to provide 
baseline data, complete device training, and receive required study materials.  However, 
longitudinal data could not be collected as a result of the UW-Milwaukee research laboratory 
shutdown.   
Additional data was generated during graduate clinician training.  This provided data 
from five more participants that was utilized for device comparison.  Table 2 summarizes the age 
and gender information for all participants. 
Age Group Age range n value Mean age Gender 
Male Female 
Young 18-29 4 27.75 1 3 
Middle 30-59 4 39.5 2 2 
Table 2 Participant demographics  
Comparison of IOPI and TongueometerTM 
The first aim of the study was to determine whether there was a significant difference in 
measured tongue pressures (PMax) in kPa between the IOPI and the Tongueometer
TM at the same 
point in time.  The IOPI had n of 38 observations with a mean PMax measurement of 59.05 kPa 
and a standard deviation of 13.36.  The TongueometerTM also had n of 38 observations with a 
mean PMax measurement of 55.63 kPa and a standard deviation of 14.39.  Refer to Table 3 for a 
summary of values used for device comparisons.     
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Inferential statistics included a Pearson correlation coefficient to evaluate the correlation 
and a paired t-test to analyze the mean difference between the two devices.  The two devices had 
a Pearson correlation coefficient of .91 (p = 0.000; Table 3).   
Device n Mean Std. Deviation 
Pearson 
correlation  
IOPI 38 59.05 13.36 
.91 
TongueometerTM 38 55.63 14.39 
Table 3 Device descriptive statistics with Pearson correlation 
There was a difference in means of 3.43 kPa between the IOPI and the TongueometerTM 
at the same point in time.  Paired t-test revealed a significant difference between the two devices 
at p = 0.001 (Table 4).  Effect size estimate of observed differences using Cohen’s d was 0.58 
indicating a medium effect size. 














tailed) Lower Upper 
IOPI & 
Tongue-
ometerTM 3.43 5.91 .96 1.48 5.37 3.57 37 .001 
Table 4 Results of paired t-test between IOPI and TongueometerTM 
Comparison of IOPI and TongueometerTM by location of bulb placement 
The second aim of the study was to determine whether bulb placement (anterior & 
posterior) show a significant difference in PMax measurements between the devices.  The IOPI 
anterior measurements had an n of 19 observations with a mean Pmax measurement of 58.74 kPa 
and a standard deviation of 13.98.  The TongueometerTM anterior measurements also had an n of 
19 observations with a mean PMax measurement of 55.67 kPa and a standard deviation of 15.51.  
IOPI posterior measurements had an n of 19 observations with a mean Pmax measurement of 
59.37 kPa and a standard deviation of 13.08.  The TongueometerTM also had an n of 19 
17 
 
observations for posterior measurements with a mean PMax measurement of 55.58 kPa and a 
standard deviation of 13.59.  Refer to Table 5 for a summary of values used for position 
comparisons.     
Pearson correlation coefficients between the IOPI and TongueometerTM was .93 (p = 
0.000) for the anterior bulb position and .90 (p = 0.000) for the posterior bulb position (Table 5).    
Device Position n Mean Std. Deviation 
Pearson 
correlation  
IOPI Anterior 19 58.74 13.98 
.93 
TongueometerTM Anterior 19 55.67 15.51 
IOPI Posterior 19 59.37 13.08 
.90 
TongueometerTM Posterior 19 55.58 13.59 
Table 5 Position descriptive statistics with Pearson correlation 
For the anterior bulb position, there was a difference in means of 3.07 kPa between the 
two devices with a standard deviation of 5.89 (d=.52) with a medium effect size.  A paired t-test 
revealed a significant difference between the IOPI and the TongueometerTM at the anterior bulb 
position.  In the posterior bulb position, there was a difference in means of 3.79 kPa between the 
IOPI and the TongueometerTM with a standard deviation of 6.07 (d=.62) with a medium effect 
size.  The paired t-test was also significant between the two devices for the posterior bulb 
position.  Table 6 summarizes the results of the paired t-tests for the anterior and posterior bulb 
positions. 














tailed) Lower Upper 
Anterior 3.07 5.89 1.35 .22 5.91 2.27 18 .036 
Posterior  3.79 6.07 1.39 .86 6.71 2.72 18 .014 








As of March 25, 2020, the University of Wisconsin-Milwaukee prohibited all in-person 
research activities which significantly impacted the ability to gather data from previously 
admitted participants and to recruit new participants.  Because of these changes, conclusions 
about TongueometerTM reliability and durability over the course of an eight-week training 
program cannot be made at this time.  However, the baseline data collected from the three 
research participants and the data collected during the graduate clinician training portion of the 
study indicate a strong positive Pearson correlation of .91.  This correlation indicates that there is 
a strong linear relationship between the measurements obtained from both devices at the anterior 
bulb position and posterior bulb position.  However, despite having a strong positive correlation 
between the two devices, paired t-tests indicated that there was a significant difference between 
the two devices, with the TongueometerTM consistently measuring 3-4 kPa lower than the IOPI.  
Cohen’s d found a medium effect size for each significant difference observed.   
According to the IOPI User Manual Technical Specifications (IOPI Medical LLC, 2013), 
the IOPI has a measuring range of 0-100 kPa with a pressure accuracy tolerance of ±2 kPa.  
Accuracy tolerance means that a calibrated IOPI which has completed and passed an accuracy 
check could potentially still be 2 kPa over or 2 kPa under the true pressure measurement.  For 
example, if a known measurement of 50 kPa was to be taken using the IOPI, the IOPI would still 
meet calibration specifications and be within tolerance if the measurement provided was between 
48-52 kPa.  However, while the TongueometerTM User Manual (2019) reports that the device has 
a similar measuring range of 0-100 kPa, it does not report pressure accuracy calibration 
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tolerance.  Therefore, a similar tolerance cannot be assumed.  Knowledge of the 
TongueometerTM pressure accuracy tolerance would assist in the interpretation of the significant 
differences between mean measurements of the two devices.  According to statistical analyses, 
the difference in means between the IOPI and TongueometerTM was consistently between 3-4 
kPa.  Hypothetically, if E2 Scientific reported that the TongueometerTM has similar pressure 
accuracy calibration tolerances as the IOPI (±2 kPa), the mean difference observed between the 
two devices could be explained as normal acceptable deviations in pressure accuracy calibration 
tolerances.   
Another hypothesis involves bulb shape, texture, and size.  The IOPI bulb is 
approximately 3.4 mm long and 1.5 mm wide with a height of 1 mm at its center.  Its exterior is 
smooth and transparent (Figure 8).  The TongueometerTM bulb is approximately 2.6 mm long and 
1.5 mm wide with a height of 0.7 mm at its center.  The TongueometerTM bulb is opaque with a 
bumped texture around most of the bulb body (Figure 8).  User feedback provided evidence of 
distinct differences in areas relevant to shape, texture, and size.  Participants reported that the 
IOPI bulb, with its smooth surface, tended to have greater movement within the oral cavity when 
applying lingual pressure.  Users also indicated that the IOPI bulb felt “larger” and “fuller” in 
comparison to the TongueometerTM bulb.  It is possible that differences in bulb size, shape, and 
texture could impact recorded measurements  For example, the IOPI has greater surface area; 
this surface area provides more contact with the tongue and the roof of their mouth.  More 
surface area may allow users to produce greater pressure gradients which would be reflected as 
consistently higher PMax measurements.      
 It is also important to compare the normative data reported in the IOPI User Manual 
(IOPI LLC, 2013, Appendix II) to the data measured in this study.  The IOPI User Manual (IOPI 
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LLC, 2013) reports normal mean values for tongue strength at 63 kPa for young (n=276 
SD=13.6) and middle (n=219 SD=12.5) age groups.  A post-hoc t-test (SPSS Tutorials: 
Independent Samples t-test) was used to determine if there was a significant difference in means 
between collective study data and the published IOPI norms.  Independent samples t-tests did not 
show a significant difference in means between observed data and IOPI reported data for either 
young or middle age group.  Refer to Table 8 for a summary of values used for data 
comparisons.    
 




Manual Data Young 63 13.6 276 
 Middle  63 12.5 219 
Lab Data  Combined 
Groups 59.05 13.36 38 
Table 7 Comparison of IOPI normative data by age group with study data.  
 
Data Set Age Group n Mean t observed t critical (df < 120) 
IOPI Young 276 63 
1.70 1.98 
Current Study Combined 38 59.05 
IOPI Middle 219 63 
1.70 1.98 
Current Study Combined 38 59.05 
Table 8 Results of t-test between observed data and IOPI published data 
Since the longitudinal portion of this study was not able to be carried out, comparisons to 
previous research using the IOPI as part of a tongue strengthening therapy program were not 
possible.   This was only one of several limitations experienced over the duration of the study 
due to the 2020 global pandemic.  The study design called for 20 participants who would 
participate for the duration of an eight-week isometric lingual strength training regimen with a 
total of five evaluation points.  Since only three participants were admitted into the study and 
only baseline data were obtained, this study had limited participant data and measurements.  
Although the three admitted participants were encouraged to continue with the training regimen 
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while sheltering-in-place, none were able to do so.  One participant reached the maximum limits 
of the device (100 kPa) after three weeks of the training regimen, one participant lost access to 
the device, and the final participant experienced application difficulties which could not be 
resolved due to the application software firm in Italy being shut down because of the 2020 global 
pandemic.   
 An assessment of long-term use of the TongueometerTM was unable to be conducted due 
to limited participant admission, participant therapy breakdown that the PI could not resolve 
without in-person consultation, and prohibition of human-subjects research caused by the 2020 
global pandemic.  While no current comments and/or assumptions can be made about the 
durability of the TongueometerTM at this time, the TongueometerTM appears to provide reliable 
measurements at a given point in time despite recording consistently lower pressures (3-4 kPa) 
than the IOPI.   
Clinically, the TongueometerTM provides an affordable alternative to the current industry 
leader, the IOPI, which may increase availability to more diverse populations in terms of 
healthcare availability and/or socioeconomic status.  With the recent release of Bluetooth 
compatibility that allows the TongueometerTM to be used with both IOS and Android devices, 
this affordable option is accessible to even more patients.  The TongueometerTM provides 
clinicians the ability to assess and track tongue strength, monitor progression via application data 
reports, and even acquire information relevant to patient therapy adherence for multiple users.  
Whether the device is strictly used in the clinic or purchased for home therapy administration, 
the TongueometerTM appears to be a practical clinical tool to improve lingual strength, which has 
shown to be effective in the reduction of dysphagia-related symptoms (Lazarus, 2006; 
Namasivayam et al., 2016; Park et al., 2015; Park & Kim, 2016; Robbins et al., 2007), help 
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strengthen floor-of-mouth muscles (Namiki et al., 2019), and increase patient quality of life 
(Davis, 2008; McHorney et al., 2002).  However, it is still recommended that individuals 
privately purchasing this tool consult with a licensed speech language pathologist or similar 
medical professional prior to use. 
The student principal investigator, graduate clinicians, and thesis mentor who all used the 
devices reported pros and cons for each device.  These are summarized in Table 8.  Overall, 
clinicians who used both devices reported a better experience with the TongueometerTM over the 
IOPI.  This preference had a large part to do with bulb texture and the incorporated lip guard.  
Participants also reported a similar preference, stating that the “bumpy” tongue bulb stayed in 
place better than the IOPI tongue bulb and that the lip guard ensured accurate placement of the 




• More available research 
• Easy device navigation and use 
Cons 
• Untextured bulb produced unwanted movement during 
measurements 




• Textured bulb stayed in place  
• Connectivity to phone/tablet 
• More precise measurement reports 
• Lip guard made it easier to accurately place bulb repeatedly  
• Affordability 
Cons 
• Limited research about the device itself  
• Mating device and phone/tablet can be difficult depending on 
device USB style 
Table 9 Clinician device feedback  
Additionally, research participants were asked to complete an exit survey (Appendix I) 
consisting of short answer responses and ratings using a five-point Likert scale (1 – Strongly 
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Disagree; 2 – Disagree; 3 – Neutral; 4 – Agree; 5 – Strongly Agree) to provide feedback about 
this study and the TongueometerTM.  While only one participant provided a completed exit 
survey, the information provided is relevant and useful for the study purposes.  Table 9 
documents participant device feedback responses from the exit survey.   
Short answer questions Participant response 
What were your initial impressions of 
the device? 
“Despite the initial problems we experienced with 
connecting the device to my phone, I thought the 
device and application were neat.  I did question the 
quality and consistency accuracy of the device based 
on the materials and new application” 
What device features did you like the 
most? 
“The ability to use my phone.”  
What device features did you like the 
least?  
“I did not enjoy the experiences I had with lag 
between the device and my phone application.” 
 
This was also reported by another user to be an issue. 
Is there anything you would change 
about the device? 
“Only if there was a way to help the device and 
application work together more seamlessly.” 
Is there anything you would change 
about the Android application? 
Same as previous response and “I would have like to 
have a clearer understanding of the meaning of the 
categories of results.” 
  
Ratings questions Response rating 
The device is easy to use. 4 - Agree 
The device application is user friendly. 4 - Agree 
The device is of high quality.  4 - Agree 
The device is sturdy. 4 - Agree 
The device is easy to maintain. 5 – Strongly Agree 
The lip guard is helpful to maintain bulb position. 5 - Strongly Agree 
The textured bulb helped maintain bulb position.  4 - Agree 
Changing the bulb was relatively simple. 4 - Agree 
I would recommend this device to a friend. 5 - Strongly Agree 
I liked the data sharing feature of the Android application.  3 - Neutral 
Table 10 Participant device feedback responses from exit survey  
 Overall, clinician and participant feedback indicate that the TongueometerTM provides a 
more user-friendly experience.  This experience was significantly impacted by the device’s built 
in lip guard, which holds the pressure bulb securely, and the textured pressure bulb, which 
moved less within the oral cavity when applying pressure.  While one participant was unable to 
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continue the study because of application/software malfunctions, the 2020 global pandemic 
impacted E2 Scientifics Corp. ability to field application issues.  It is likely that these issues 
would have been addressed in a timely manner prior to the 2020 global pandemic. 
 While this study was unable to complete the longitudinal aspect because of the 2020 
global pandemic, it is recommended that future researchers investigate the use of the 
TongueometerTM over the course of an eight-week therapy program to draw informed 
conclusions relevant to device durability and accuracy with prolonged use.  Future research with 
larger sample size needs to be conducted to collect and evaluate more representative data.  It is 
also suggested that device comparisons at the same point and at different bulb positions be 
completed with various patient populations to further investigate the relationships between the 
devices and how those relationships are affected by patient population.  Diverse patient 
populations, specifically those with swallowing disorders will add to a growing body of literature 
showing the efficacy of isometric lingual strengthening in reducing dysphagia associated 
symptoms and increasing swallow function.     
 Recommended isometric training programs follows a combination of the protocols 
outlined by Clark (2012), Lazarus et al. (2014), Oh (2015), and Robbins et al. (2007).  The 
protocol requires participants to complete three sets per day, three times a week for an 8-week 
duration using the TongueometerTM.  Each set should consist of 30 repetitions that require the 
participant to create pressure on the bulb for 2-3 seconds at the target pressure.  Prior to 
developing targets, participants PMax must be recorded.  Targets should be 60% PMax the first 
week and increase to 80% PMax for the remainder of the regimen (Table 1).  It is recommended 
that PMax scores be recorded at least every two weeks during the therapy protocol to monitor and 
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adjust therapy targets as the participant’s strength will likely increase throughout the therapy 
protocol.     
 The results of this study suggest that the TongueometerTM appears to be an affordable and 
practical alternative to the IOPI for practicing clinicians and patients alike.  Despite consistently 
recording measurements 3-4 kPa below the IOPI, the measurements recorded had a strong 
correlation to the IOPI measurements.  The differences observed could be addressed in the future 
with the reporting of pressure accuracy calibration tolerances by E2 Scientific Corp.  Further 
investigation will need to be conducted to draw conclusions about comparisons over long-term 
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APPENDIX I: RECRUITMENT MATERIALS AND DATA COLLECTION 
 
 
College of Health Sciences  
Department of Communication  
Sciences and Disorders 
      
 
You are invited to participate in research to improve 
tongue strength 
 
Study Title: A Comparison of Two Devices for Isometric Lingual Strengthening in Healthy 
Adults 
Purpose of the Study: Compare tongue strength measured by two devices during an 
eight-week tongue strengthening exercise program.   
Who is Eligible: Adults ages 18-59 whom are in generally good health without active 
tongue piercings.  
Where: The Swallow Physiology Laboratory located in Enderis Hall, Rm B30  
Do What: Participate in an eight-week home tongue strengthening program using a new 
device.  Participants will visit the lab every other week (total of 5 visits) during the eight-
week program to measure tongue strength.  If you use your personal Android device for 
the study, you will download a free application from the GooglePlay Store.  If you do not 
have an Android device, a loaner device will be available for the duration of the study.    
If you are interested in participating or would like more 
information, please contact the lab at: 
UWMSwallowLab@gmail.com 




CONSENT FORM  
Study title A Comparison of Two Devices for Isometric Lingual Strengthening in Healthy Adults 
Researchers Daniel L. Gutierrez, B.S., Department of Communication Sciences and Disorders 
Barbara Pauloski, Ph.D., Faculty Advisor, Department of Communication Sciences and Disorders 
 
We’re inviting you to participate in a research study. Participation is completely voluntary. If you agree to 
participate now, you can always change your mind later. There are no negative consequences, whatever you 
decide.  
What is the purpose of this study? 
Reduced tongue strength can result in swallowing problems that may affect a person’s health.  Tongue 
strengthening exercise has shown to improve tongue strength and create a safer swallow.  Two devices available 
for tongue strengthening programs include the Iowa Oral Performance Instrument (IOPI), a well-established 
instrument, and the TongueometerTM a new, less expensive instrument.  We want to understand whether the 
TongueometerTM works as well as the IOPI. 
What will I do? 
• In our lab, the Swallow Physiology Laboratory, Department of Communication Sciences and Disorders, 
University of Wisconsin-Milwaukee (UWM) 
o Visit 1 (60 minutes) 
▪ We will examine your mouth and throat, and ask you to perform some speech 
movements (5 minutes) 
▪ We will customize two pressure-sensing bulbs to fit your mouth (5 minutes) 
▪ We will measure how much pressure you can apply to the pressure-sensing bulbs with 
your tongue.  We will measure this pressure in two locations on your tongue and with 
two different devices (IOPI and TongueometerTM).  (20 minutes) 
▪ If you want to use your personal Android device for this study, you will download the 
free TongueometerTM application from the Google Play Store to your personal device. (5 
minutes) 
▪ If you do not own an Android device with operating system 4.4 or later, a loaner device 
will be available.  
▪ We will teach you some exercises using the TongueometerTM that may increase your 
tongue strength. (15 minutes)  
▪ We will teach you how to take care of the TongueometerTM and change the device 
settings as needed. (10 minutes) 
o Visits 2-4 (30 minutes) 
▪ We will measure how much pressure you can apply to the pressure-sensing bulbs with 
your tongue.  We will measure this pressure in two locations on your tongue and with 
two different devices (IOPI and TongueometerTM).  (20 minutes) 
▪ We will reset the training levels on your TongueometerTM based upon the new tongue-
pressure measurements from this visit. (5 minutes) 
▪ We will review your exercises and answer any questions you have. (5 minutes) 
o Visit 5 (30 minutes) 
▪ We will measure how much pressure you can apply to the pressure-sensing bulbs with 
your tongue.  We will measure this pressure in two locations on your tongue and with 
two different devices (IOPI and TongueometerTM).  (20 minutes) 
▪ You will complete a survey about your experience with the TongueometerTM. (10 
minutes) 
• At home 
o Week 1 (20 minutes) 
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▪ You will push your tongue against the bulb on the TongueometerTM until the unit 
indicates you reached the target pressure set by us. 
▪ You will repeat this 30 times, 3 times a day for 3 days this week. 
▪ You will keep track of your completed exercises and send an email to the Swallow 
Physiology Laboratory with your completion record at the end of the week. 
o Week 2 (25 minutes) 
▪ You will adjust the target pressure on your TongueometerTM as we demonstrated at the 
beginning of this week.   
▪ You will push your tongue against the bulb on the TongueometerTM until the unit 
indicates you reached the target pressure set by us. 
▪ You will repeat this 30 times, 3 times a day for 3 days this week. 
▪ You will keep track of your completed exercises and send an email to the Swallow 
Physiology Laboratory with your completion record at the end of the week. 
o Weeks 3-8 (20 minutes) 
▪ You will push your tongue against the bulb on the TongueometerTM until the unit 
indicates you reached the target pressure set by us. 
▪ You will repeat this 30 times, 3 times a day for 3 days each week. 
▪ You will keep track of your completed exercises and send an email to the Swallow 
Physiology Laboratory with your completion record at the end of each week. 
Risks 
Possible risks How we’re minimizing these risks 
Breach of confidentiality (your data 
being seen by someone who 
shouldn’t have access to it) 
• All identifying information is removed and replaced with a study ID.  
• We’ll store all electronic data on a password-protected, encrypted 
computer.  
• We’ll store all paper data in a locked filing cabinet in a locked 
office.  
• We’ll keep your identifying information separate from your 
research data, but we’ll be able to link it to you by using a study ID. 
We will destroy this link after we finish collecting and analyzing the 
data. 
Online data being hacked or 
intercepted  
• This is a risk you experience any time you provide information 
online. We’re using a secure system to collect this data, but we 
can’t completely eliminate this risk. 
• In addition, your online data will be identified only with your study 
ID number. 
Use of the IOPI and TongueometerTM • These devices are small pressure-measuring units.  There are no 
known risks associated with their use. 
There may be risks we don’t know about yet. Throughout the study, we’ll tell you if we learn anything that might 
affect your decision to participate. 
Other Study Information 
Possible benefits • The results of this study may potentially benefit persons with 
swallowing problems if the study shows that the new 
strengthening device is as good as the established device.  
• The study may provide data to support a cheaper option to 
increase tongue strength at home.  
Estimated number of participants 20 adults ages 18-59 
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How long will it take? Eight weeks from initiation date 
Costs There is a $2/hr parking fee if you use UWM parking structures or 
lots.  Free street parking is available in some locations; however, it is 
your responsibility to follow posted parking guidelines (e.g. parking 
time limits).  
Compensation Prepaid Visa gift card for $20 
Due to UWM policy and IRS regulations, we may have to collect your 
name, address, social security / tax ID number, and signature to give 
you this compensation. 
No payments will be awarded for partial completion of the study. 
Future research De-identified (all identifying information removed) data may be 
shared with other researchers. You won’t be told specific details 
about these future research studies.  
Removal from the study  During Visit 1, if you have any major physical differences in your 
mouth such as an overbite, underbite, or tongue tie, we will need to 
remove you from the study. 
 
During Visit 1, if your tongue is extra strong (measured above 80 
kPa), we will need to remove you from the study. 
 
In order for our data to be useful, it is important that you attend 
every laboratory visit.  If you miss a session and can’t reschedule, 
we’ll have to take you out of the study. 
 
It is important that you follow the home strengthening program.  
The TongueometerTM application has a built-in feature that tracks 
your exercises and makes it easy to share this information with the 
investigators.  The investigators will contact you if you miss more 
than two home practice sessions to help with any issues you may 
have.  If you miss four sessions, you may be removed from the study 
if you cannot make up the practice.  
Equipment Agreement 
Equipment being lent, check all that 
apply. 
 
[  ] TongueometerTM 
 
[  ] Android Tablet 
Equipment Agreement Policies 
 
Android and TongueometerTM devices are the property of the UWM 
Swallow Physiology Laboratory and must be returned at the end of 
your study participation.    
Please handle devices with the same care you would use for your 
personal electronics.  Devices will be inspected upon return to make 
sure they are working correctly.   
Report any loss or damage to loaner equipment to the Student PI as 
soon as possible.  You will be asked to replace any lost or damaged 
equipment at the current market value. 
 
Android Only  
Please do not personalize the Android device loaned to you.  The 
Android device is for purposes of this study only and should not be 
used for personal communication or entertainment. 
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The loaner device will undergo a factory reset upon return to the 
Swallow Physiology Laboratory so be sure to back up any data or 
files you put on the loaner device before your final study visit. 
  
Confidentiality and Data Security 
We’ll collect the following identifying information for the research:  your name, email address, phone number, 
and social security number. This information is necessary to contact you for future correspondence and to 
provide compensation for your participation.  
 
Who can see my data? Why? Type of data 
The researchers To conduct the study and analyze 
the data 
Data will be coded (names 
removed and labeled with study 
ID) 
The IRB (Institutional Review Board) 
at UWM  
The Office for Human Research 
Protections (OHRP) or other federal 
agencies 
To ensure we’re following laws 
and ethical guidelines 
Data will be coded (names 
removed and labeled with study 
ID) 
Anyone (public) If we share our findings in 
publications or presentations 
 
• Aggregate (grouped) data 
• De-identified (no names, 
birthdate, address, etc.)  
 
Contact information: 
For questions about the research Daniel L. Gutierrez, B.S. 
Barbara Pauloski, Ph.D. 
gutier78@uwm.edu 
pauloski@uwm.edu 
For questions about your rights 
as a research participant 
IRB (Institutional Review Board; 
provides ethics oversight) 
414-229-3173 / irbinfo@uwm.edu 
For complaints or problems Daniel L. Gutierrez, B.S. 
Barbara Pauloski, Ph.D. 
gutier78@uwm.edu 
pauloski@uwm.edu 
IRB 414-229-3173 / irbinfo@uwm.edu 
Signatures 
If you have had all your questions answered and would like to participate in this study, sign on the lines below. 
Remember, your participation is completely voluntary, and you’re free to withdraw from the study at any time. 
          
Name of Participant (print)  
Where will data be stored? Data will be stored securely on a BitLocker-protected computer in the 
Swallow Physiology Laboratory, Enderis Hall, Room B30, UWM  
How long will it be kept? De-identified data (no identifying information) will be stored securely 
for fifteen years after completion of the study 
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Name of Researcher obtaining consent (print)  
              






Ask the potential subject the following screening questions.  Circle response. 
1. Are you between 18 and 59 years of age? 
a. If YES, continue to Q2. 
b. If NO, please thank the person and excuse them from further questioning. 
2. Do you consider yourself in general good health? 
a. If YES, continue to Q3. 
b. If NO, describe:___________________________________________________ 
___________________________________________________________ 
___________________________________________________________ 
(If reporting any of the exclusion criteria or reporting other long-term illness or unremitting 
problem, potential subject is not eligible.  Please thank the person and excuse them from further 
questioning.) 
3. Have you had any surgery to your mouth, throat or neck? 
a. If NO, continue to Q4. 
b. If YES, describe:__________________________________________________ 
_____________________________________________________________ 
_____________________________________________________________ 
(If tonsil or adenoid removal, tooth extractions including wisdom teeth removal, or rhinoplasty 
(“nose job”), continue to Q4) 
(If other surgery, potential subject is not eligible.  Please thank the person and excuse them from 
further questioning.) 
4. Have you been treated for cancer of the head and neck?  
a. If NO, continue to Q5. 
b. If YES, potential subject is not eligible.  Please thank the person and excuse them from further 
questioning. 
5. Do you have now or do you have a history of neurologic disease?  (examples include multiple 
sclerosis, muscular dystrophy, myasthenia gravis, Parkinson’s disease, ALS, cerebral palsy) 
a. If NO, continue to Q6. 
b. If YES, potential subject is not eligible.  Please thank the person and excuse them from further 
questioning. 
6. Do you have a history of stroke?  
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a. If NO, continue to Q7. 
b. If YES, potential subject is not eligible.  Please thank the person and excuse them from further 
questioning. 
7. Do you have any previous or current tongue piercings? 
a. If NO, continue to Q8. 
b. If YES, potential subject is not eligible.  Please thank the person and excuse them from further 
questioning. 
8. Do you currently play or have a history of playing brass or woodwind instruments? 
a. If NO, continue to Q9. 
b. If YES, potential subject is not eligible.  Please thank the person and excuse them from further 
questioning. 
9. Do you have training in oration or dictation? 
a. If NO, tell potential subject that he/she is eligible and ask to schedule a visit to discuss the 
study, obtain informed consent, and conduct baseline evaluation. 
b. If YES, potential subject is not eligible.  Please thank the person and excuse them from further 
questioning. 
Check One: Eligible Not Eligible 
If eligible, record name and preferred method of contact. 
Name: ____________________________________ Contact at: ____________________ 






SUBJECT DEMOGRAPHICS FORM 
A Comparison of Two Devices for Isometric Lingual Strengthening 
in Healthy Adults 
Demographics Form 
Subject Name: _______________________  Study ID #: __________________________ 
Email address:  ___________________________________________________________ 
Preferred Phone Number:  __________________________________________________ 
Mailing Address:  _________________________________________________________ 
________________________________________________________________________ 
SSN (needed for compensation):  ____________________________________________ 
Preferred method of contact (circle):    email  phone  text 
Birthdate: (__ __/ __ __ /__ __ __ __)  Gender: _______________________ 
          (MM/DD/YYYY) 
Ethnicity (circle):  1 = Hispanic or Latino  2=Not Hispanic or Latino 
Race (circle all that apply): 
 1=American Indian or Alaska Native 
 2=Asian 
3=Native Hawaiian or Other Pacific 
Islander  
























STRENGTHENING PROGRAM DOCUMENTAION FORM 
 
STUDY EXIT SURVEY  
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A Comparison of Two Devices for Isometric Lingual Strengthening 
in Healthy Adults 
Exit Survey 
The following questions are regarding study requirements and participation 
 
























4. Did you feel this study requirements and participation was (circle one) what you expected; 
slightly more than you expected; or significantly more than you expected?   




















The following questions and ratings are regarding the TongueometerTM 
 



























Circle the rating the most closely describes your feelings about the TongueometerTM  
 
 
1 – Strongly Disagree     2 – Disagree     3 – Neutral     4 – Agree     5 – Strongly Agree  
 
 
9. The device is easy to use. 
 
1 2 3 4 5 
10. The device application is user friendly.  
 
1 2 3 4 5 
11. The device is of high quality. 
 
1 2 3 4 5 
12. The device is sturdy 
 
1 2 3 4 5 
13. The device is easy to maintain. 
 
1 2 3 4 5 
14. The lip guard is helpful to maintain bulb position. 
 
1 2 3 4 5 




16. Changing the bulb is relatively simple.  
 
1 2 3 4 5 
17. I would recommend this device to a friend. 
 
1 2 3 4 5 
18. I liked the data sharing feature of the android Application.  
 
1 2 3 4 5 




















APPENDIX II: DEVICE USER MANUALS 
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